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Abstract 
Plant personnel involved in a joint labor-management Ergonomics Pilot Project attended an introductory ergonomics course. The 
training was developed to provide trainees with the ergonomic knowledge necessary to perform their functions as part of the 
Ergonomic Pilot Project. A Train-the-Trainer program for Introductory Ergonomics was developed and implemented to provide Pilot 
Project plants with in-plant Introductory Ergonomics trainers. Trainee course satisfaction, ergonomic knowledge, and performance 
did not differ significantly for those trained by in-plant trainers compared to those trained by University instructors. This suggests 
that the Train-the-Trainer approach is a viable way of meeting the increasing demand for ergonomics training in industry. 
Relevance to industry 
The increase in reporting of work-related cumulative trauma disorders resulted in industry demand for ergonomic expertise to 
control these problems. A Train-the-Trainer program is an effective way of providing that expertise. 
Keywords 
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Introduction 
As the incidence of reported cases of work-re- 
lated low back and upper extremity musculoske- 
letal disorders increases in the United States (BLS 
1990), as well as other countries, there has been an 
increasing emphasis on the need for in-plant ergo- 
nomics programs by regulatory agencies (OSHA, 
1990), insurance companies, labor unions and 
companies (Parenmark, 1988). Since most in- 
dustrial organizations have had little in-house 
ergonomics expertise, they have turned to outside 
'ergonomic experts' or consultants. Those with 
ergonomic expertise have been hard pressed to 
meet the increasing demand by industry for their 
skills. One way of meeting this demand has been 
by offering ergonomics training programs to 
specific industrial groups (Rohmert and Laurig, 
1977), or through university continuing educa- 
tional courses for a variety of aspiring practi- 
tioners (Liker et al., 1990). 
Recognizing the increasing demand for in-plant 
ergonornic knowledge and practice, and the in- 
creasingly scarce supply of trained ergonomics 
professionals, a joint union-management national 
committee on health and safety sponsored an 
ergonomics pilot project (EPP) to implement 'shop 
floor driven' ergonomics programs in four auto- 
motive plants. As part of that process, ergonomics 
training for different levels of the pilot project 
organization was developed, implemented and 
evaluated by University staff (UM) researchers. 
Development and testing of a 'Train-the-Trainer' 
approach (Robins and Klitzman, 1988) to provid- 
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ing on-going in-plant ergonomics training exper- 
tise is the focus of this paper. It was hypothesized 
that a TTT approach would be the most effective 
means for conducting the Introductory Ergo- 
nomics training. 
Background 
The organizational structure (figure 1) of the 
Ergonomics Pilot Project (EPP) was focused on 
the shop floor with the 'Ergonomic Monitor (EM)', 
an hourly employee chosen by coworkers to at- 
tend 'Introductory Ergonomics' training. The 
EM's role was to conduct basic work area surveil- 
lance using Basic Job Checklists (Keyserling et al., 
1990) to identify potential ergonomic problems on 
jobs in the work area, use symptoms question- 
naires with co-workers to identify symptoms, de- 
velop simple solutions where applicable, or refer 
the problem on to those with more expertise in the 
organization. The Ergonomic Monitor (EM) was 
supported by his or her supervisor by being given 
time to analyze jobs for ergonomic problems, dis- 
cuss problems and potential solutions. The EM 
and supervisor were supported by the Department 
Ergonomics Committee (DEC) which included the 
general foreman, union representative, area en- 
gineer and skilled tradesperson, as well as the 
supervisor/EM teams. The DEC was involved in 
discussing more complicated ergonomic problems 
and solutions beyond the 'quick fix' stage. The 
overall policy decisions were made by the Plant 
Ergonomics Committee (PEC) which included 
representatives from the plant manager's staff, 
union shop committee, health and safety, medical, 
engineering, maintenance and tooling. One union 
and one management fulltime Ergonomic Coordi- 
nators (EC) provided the essential links between 
all aspects of the organizational structure and 
provided the practical ergonomic expertise when 
needed. 
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E r g o n o m i c s  t r a i n i n g  
Intermediate ergonomics 
Eight days of 'Intermediate Ergonomics' train- 
ing provided by university instructors, similar to 
that described by Liker et al. (1990) was made 
available to the PECs, DEC engineers and skilled 
trades representatives and the Ergonomic Coordi- 
nators, with the goal of developing 'in-plant ergo- 
nomic experts' to serve as primary resources for 
the Ergonomics Pilot Project. Approximately 100 
plant participants attended one of 5 courses. 
Introductory ergonomics 
The goal of the five-day Introductory Ergo- 
nomics course was to train Ergonomic Monitors 
and Supervisors to do 'Ergonomic Job Surveil- 
lance' by screening jobs for potential ergonomic 
problems and formulate solutions for problem jobs 
in their areas. This training was provided by uni- 
versity staff or in-plant trainers. 
Participants included supervisors, hourly pro- 
duction employees (EMs), department union rep- 
resentative. Introductory Ergonomics course ob- 
jectives were to enable participants to: 
- Be familiar with the Ergonomics Pilot Project, 
its structure and goals, approaches to problem 
solving and its methods for identifying poten- 
tial health hazards through the use of a Basic 
Job Checklist, and implementing change. 
- Have a basic knowledge of ergonomics which 
will enable the participants to recognize prob- 
lems related to posture, lifting, hand tools, repe- 
titive motion, and general environmental condi- 
tions which affect employee health and perfor- 
mance. 
- Have the skills necessary to analyze relatively 
simple ergonomic problems and formulate ap- 
propriate solutions. 
- Be familiar with the Ergonomics Pilot Project 
forms (Basic Job Checklist, Postural Discom- 
fort Survey, Symptoms Questionnaire, Docu- 
mentation of Ergonomic Changes), how and 
when to use each form, and have sufficient 
practice to gain proficiency in their use and 
interpretation. 
The first three days of the Introductory Ergo- 
nomics course were designed to be primarily con- 
ducted in a classroom setting. Trainees par- 
ticipated in exercises which provided them with 
the opportunity to analyze jobs either on video- 
tape or on the plant floor, to develop proficiency 
in applying the knowledge gained through class- 
room lectures. During the final two days the in- 
structors were to work with the Ergonornic Moni- 
tors on the plant floor while they analyzed the 
jobs in their area. 
Ten training modules were developed to en- 
compass the basic knowledge and skills required 
by the Ergonomic Monitors and Supervisors. The 
modules included 
(1) Introduction to Ergonomics and the Pilot Pro- 
ject 
(2) Problems and risk factors 
(a) Upper extremity cumulative trauma dis- 
orders (CTDs) 
(b) Low back disorders 
(3) Controlling risk factors 
(a) Anthropometry and workplace layout 
(b) Workload, posture and repetitiveness 
(c) Hand tool design 
(d) Lifting and moving things (biomechanics) 
(4) Workplace environment 
(a) Controls, displays and lighting 
(b) Noise and temperature 
(5) Managing change and problem solving 
Each module contained text material, design 
guidelines, appropriate Basic Job Checklist analy- 
sis techniques, and many of the visual aids used in 
the classroom presentation. 
The Introductory Ergonomics training was 
piloted in three courses by university staff during 
the summer of 1987. 
Train -the- Trainer program 
A two-week Train-the-Trainer program (TTr) 
was taught by university staff in the late fall of 
1987 to prepare in-plant trainers to effectively 
conduct the remainder of the Introductory Ergo- 
nomics training. Originally, there were 20 trainers 
who completed the program. The management 
trainers included safety supervisors, process en- 
gineer, and floor supervisors who were Ergonomic 
Coordinators. Hourly trainers included produc- 
tion workers and several skilled trades workers 
(some were Ergonomic Coordinators). Educa- 
tional background ranged between less than high 
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school to university degree. All participants had 
extensive plant experience. 
The objectives of the Train-the-Trainer pro- 
gram were: 
- To provide trainers with the necessary skills to 
teach adults and provide sufficient practice 
teaching for the trainers to gain confidence in 
preparing and presenting the Introductory 
Ergonomics training materials. 
- To prepare the trainers to work with the Ergo- 
nomic Monitors on the plant floor during the 
two-day job analysis which follows the class- 
room training. 
- To prepare the trainers to constructively eval- 
uate their course evaluations and modify their 
teaching techniques as needed. 
The principles for training high-performance skills 
developed by Schneider (1985) were adopted in 
the design of the TTT course manual. Active 
participation of the trainees was encouraged 
throughout. Technical aspects of ergonomics were 
blended with strategies for change and methods of 
teaching, to maximize understanding of the inter- 
relatedness of the components of the project. Uni- 
versity instructors modeled the use of various 
training methods. 
The trainers also received additional sessions in 
preparing and conducting training sessions, teach- 
ing adults, team teaching and constructive review 
of course evaluations. Practice teaching sessions 
and workshops on the plant floor provided the 
skills they needed to conduct the Introductory 
Ergonomics training. Trainers used about one 
month in their respective plants to adapt the train- 
ing to the local plant environment. 
T r a i n i n g  e v a l u a t i o n  m e t h o d s  
Evaluation of Introductory Ergonomics train- 
ing was focused on (a) training process, (b) trainee 
competence (ergonomic knowledge), and (c) per- 
formance. These parameters were used to compare 
training taught by 
(a) in-plant trainers (TTT) and 
(b) university staff (UM). 
Secondly, follow-up performance on basic job 
checklists was compared between those who par- 
ticipated in the Introductory Ergonomics course 
with those who participated in the Intermediate 
Ergonomics course. 
A pre-post training and follow-up approach 
was used to evaluate the training programs. 
Questionnaires were used to assess participant 
perceptions of the training. This was supple- 
mented by post training group interviews with 
Trainers and Ergonomic Monitors. Quizzes were 
used to assess ergonomic knowledge (Joseph, 1986; 
Liker, 1990). Basic Job Checklists (BJCs) on 
videotaped jobs were used to assess performance. 
University staff observation was used to evaluate 
the performance of in-plant trainers in Introduc- 
tory Ergonomics. Those questionnaires and quizzes 
without identifiers (last 4 digits of social security 
number or name) were excluded from the analyses 
because direct pre-post comparisons could not be 
made. 
Process 
Trainee Acceptance was.assessed by brief end 
of each day Questionnaires (five-point scales) ad- 
dressing trainee perceptions of each subject or 
module: prior interest in the subject, post interest, 
how much was learned and how satisfied they 
were with the presentation of subjects. 
Analysis of variance was used to test the hy- 
pothesis of no difference in participant acceptance 
based on educational level. Paired t-tests were 
used to compare pre versus post interest in the 
topic taught. Student t-tests were used to compare 
process between TTT taught and UM taught In- 
troductory Ergonomics. 
The 'Managing change' module was not for- 
mally evaluated in the University taught courses. 
Observation of the Trainers teaching the module 
during their first or second course was done to 
observe content and process in a more qualitative 
way. 
Ergonomic knowledge 
The Ergonomic Knowledge Assessment Quiz 
comprised (1) slides that participants rated on 
level of stressfulness based on posture, load and 
frequency; (2) true-false and (3) multiple choice 
questions. The quiz was administered prior to 
training, at the end of training, and in June-July 
1988 (anywhere from 3-13 months after initial 
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training). The quiz had four slightly different ver- 
sions over the course of the training and follow-up 
testing. For purposes of comparison, only those 
parts of the Quiz that were consistent over the 
course of training were used in the evaluation 
process. There were no questions addressing the 
'Managing change' module. 
Quiz scoring procedure 
Slides were standardized to have the correct 
answer of zero and the absolute number from zero 
was used as the score for an individual slide. The 
mean of these standardized scores was taken for 
back, shoulder, and wrist slides separately. True- 
false and multiple choice questions were grouped 
into the subject areas of the training (with some 
overlap of questions possible) and also standardiz- 
ing the correct answer to equal zero. The questions 
relating to the same subject area were then 
summed. 
Analysis of variance was used to compare quiz 
scores by training type, by position in the Ergo- 
nomics Pilot Project, and by education level. 
Paired t-tests were used to compare pre-training 
scores to post-training scores, pre-training to fol- 
low-up scores, and post training to follow-up 
scores. 
Performance 
Originally we anticipated being able to com- 
pare Basic Job Checklists (BJCs) completed by the 
Ergonomic Monitors to those completed by in- 
structors during the training process, or to 
graduate students and 'ergonomic expert' ratings 
of 10 jobs. In actual practice, different products 
were often running when jobs were analyzed at 
different times. These changes potentially altering 
estimates of force, posture and repetitiveness char- 
acteristics. Therefore, in order to standardize ob- 
servations, two videotaped jobs (from non-pilot 
project plants, 'load housings', and 'O-rings') were 
used for Introductory Ergonomics training par- 
ticipants to complete in June-July 1988. BJCs 
completed by UM instructors were used as 'the 
gold standard'. Analysis of variance was used to 
test difference in percent correct BJC scores by 
training type (Hicks, 1973; Montgomery, 1984). 
R ~ d ~  
Participation 
The training and evaluation time-table is pre- 
sented in table 1. The three UM-taught Introduc- 
tory Ergonomics courses took place in the summer 
of 1987 when very little of the Pilot Project struc- 
ture was in place. Of the 34 participants in the 
three UM-taught Introductory Ergonomics 
courses, 32 completed pre-interest surveys and 27 
completed most of the post-module question- 
naires. DEC members (excluding EMs) were often 
called out of class for differing periods of time. 
Additionally, the supervisors were not present 
after the third day of the training to receive the 
post-quiz and evaluate the last day of the course. 
This is because they were not required to perform 
the activities of that day, completing Basic Job 
Checklists and Symptoms Questionnaires. 
Of the 27 participants in the four in-plant 
trainer-taught Introductory Ergonomics courses 
evaluated, 25 completed most of the post-module 
questionnaires. 
Completion of the various Ergonomic assess- 
ment quizzes is presented in table 2. Loss at 
follow-up was primarily a function of plant layoffs 
and transfers. 
The Introductory Ergonomics Train-the-Trainer 
program was conducted during November 1987. 
By the time the T I T  Refresher Course took place 
in April 1988, 14 of the original 20 trainers were 
able to participate. The other six had been laid off 
Table 1 







University-taught introductory ergonomics 
Train-the-Trainer course 
TYr-taught introductory ergonomics 
TTT 'refresher course' 
Follow-up quiz, performance evaluation 
Ergonomic monitor 'refresher course' 
Table 2 
Completion of ergonomic assessment quizzes by training type 
Pre-train Post-train Follow-up 
Introductory UM 31 25 (81%) 14 (45%) 
Introductory TTF 27 25 (93%) 15 (56%) 
5 
3 
TTT Pre interest 
I UM Pre interest 
I I 
Lowback 
Mean Rating Score 
I 






TTT Post Interest 
UM Post Interest 
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(a) 
Mean Ra t ing  S c o r e  
I 
Hand tools Lif t ing 
TTT Pre interest 
I UM Pre interest 
Display/Contro ls  Noise/Temp 
Topics 
I ] TTT Post Interest 
UM Post Interest 
Change 
(b) 
TTT:n-21, UM:n-25, (excl DK) 
Fig. 2. Process by training type and subject: (a) Pre- and post-training interest scores for: Ergonomics Pilot Project, upper extremity 
cumulative trauma disorders, low back disorders, anthropometry, workload (TTT: Train-the-Trainer-taught, UM: University-taught); 
(b) Pre- and post-training interest scores for: hand tools, moving and lifting things, displays and controls, noise and temperature, 
managing change; (c) Amount learned and amount of satisfaction with training in Ergonomics Pilot Project, upper extremity 
cumulative trauma disorders, low back disorders, anthropometry, workload; (d) Amount learned and amount of satisfaction with 
I 
EPP/Ergo Upper Extremi ty  
TTT Learned 
Mean Rating Score 
I I I 
Lowback Anthropometry  Workload 
Topics 
TTT Sat isf ied ~ B  UM Learned ~ UM Satisfied 
Hand tools 
TTT Learned 
I I I 
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TTT:n.21, UM:n-25, (excl DK) 
Fig. 2 (continued). 
or transferred and had no ongoing relationship to 
the Ergonomics Pilot Project. 
Process  
Although T r T  trainees tended to rate satisfac- 
tion higher than UM trainees, there were no sig- 
nificant differences in participant assessment of 
the courses taught by the trainers and by UM 
(figures 2a-2d)  in terms of pre-interest, post-inter- 
est, amount  learned or satisfaction with the train- 
ing. There were no significant differences in pre- 
versus post-training interest in any of the modules 
for either group. In all cases, interest and satisfac- 
186 B.A. Silverstein et al. / Ergonomics training 
tion were rated quite highly. This suggests that the 
in-plant trainers had gained the necessary credibil- 
ity as 'ergonomic experts' with trainees. 
Ergonomic knowledge 
There was no statistically significant associa- 
tion between pre-interest and test score by topic 
area. There were no statistically significant dif- 
ferences (student t-test) in pre- and post-quiz 
scores between the TTT trained and UM-trained 
participants with respect to slide scores or most of 
the topic question summary scores (figures 3a-3c). 
However, the UM-trained group had significantly 
worse summary scores on the pre-test for module 
(3a) (anthropometry) and module (3d) (moving 
and lifting things) (p  < 0.05). 
Anthropometry appeared to be difficult for the 
TTT-trained group. When the post-training score 
was subtracted from the pre-training score, there 
was a significant difference (p  < 0.05) between 
the two groups where the TTT-trained group had 
a worse score and the UM-trained group had 
improved ( -  0.6 vs. 1.0). Small numbers who took 
the follow-up quiz precluded statistical testing. 
Improvement between pre- and post-training 
summary slide scores (evaluating stress on the low 
back, shoulder and wrist) were not statistically 
significant for the TTT-trained participants, al- 
though improvement in wrist score was of border- 
line significance (p  < 0.06). There was significant 
improvement for both back and wrist slides (p  < 
0.05) for UM-trained participants, figure 3a. Al- 
though improvement over pre-training scores was 
present at follow-up for both groups, it was not 
statistically significant (n = 14 for both groups). 
Summary question scores by topic area indi- 
cated TIT-trained participants showed statisti- 
cally significant improvements with training in 
upper extremity cumulative trauma disorders 
(module (2a), p < 0.000), low back (module (2b), 
p < 0.05), workload (module (3b), p < 0.001), hand 
tools (module (3c), p < 0.01), and controls and 
displays (module (4a), p < 0.01). Statistically sig- 
nificant improvement was seen in the same mod- 
ules by UM-trained participants, with borderline 
significant improvement in anthropometry (mod- 
ule (3a), p < 0.08) and moving and lifting things 
(module (3d), p < 0.07), figure 3b. 
Statistically significant improvements between 
pre- and post-training were seen in the same areas 
for the TIT-trained group. However, only four 
and three individuals answered all the questions 
related to modules (3a) and (3d) so no comparison 
was made. Among the UM-trained group, statisti- 
cally significant improvements were maintained in 
modules (2a), (2b), (3b), and (4a) with borderline 
significance in (3d) (p  < 0.07), figure 3c. 
Performance at follow-up 
During June-July 1988, participants in Intro- 
ductory Ergonomics, Intermediate Ergonomics 
and Train-the-Trainer were requested to par- 
ticipate in a follow-up evaluation during which 
they completed the Ergonomic Assessment Quiz, a 
short questionnaire about their role in the Ergo- 
nomics Pilot Project and opinion about adequacy 
of training, and two Basic Job Checklists (BJCs) 
on videotaped jobs (in non-Ergonomics Pilot Pro- 
ject plants), after being given certain production 
and environmental information about the jobs. 
Participants and perceptions 
One hundred forty-six participants completed 
the follow-up questionnaire. The mean number of 
BJCs completed since initial training was 5.6 
(range from 0 to 90). This varied by plant and 
role. Among Ergonomic Monitors, an average of 
23 BJCs were completed, compared to 20 for 
Ergonomic Coordinators, less than one for DEC 
PEC members as well as those with no formal 
role, and less than three for trainers. 
When asked 'Do you think the ergonomics 
training you received was adequate to prepare you 
for your role in the Ergonomics Pilot Project?', 
55% indicated YES, 7% indicated NO, and 38% 
were NOT SURE. The responses varied by role in 
the Ergonomics Pilot Project (table 3). 
Performance on basic job checklist 
One hundred thirty-two participants completed 
BJCs on 'Job 2' (load housing) and 138 completed 
BJCs on 'Job 1' (O-rings). Answers were com- 
pared to those of 3 UM 'experts' analyzing the 
same videotapes. In general, participants did quite 
well on both jobs. For example, on Job 1, the 
average percent of correct answers ranged from 
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78% overall on the upper extremity checklist to 
98% on the metabolic checklist. On Job 2, average 
percent correct answers ranged from 77% on the 
manual lifting checklist to 98% on the metabolic 
checklist. 
With respect to posture (figures 4a and 4b), 
there was difficulty in distinguishing mild from 
severe trunk flexion, but most participants agreed 
that trunk flexion did not occur longer than 1/3 
of the cycle. Most did not correctly identify neck 
extension and twisting that occurred for less than 
1/3 cycle. This may be due to the two-dimen- 
sional nature of videotapes or the difficulty in 
estimating more than 20 degrees of extension 
without the advantage of stopping the video to 
actually measure angles. 
Upper extremity checklists were problematic 
for many participants. While 97% recognized that 
both jobs were repetitive (figure 4c), many seemed 
to be confused about 'subcycle'. There were two 
ways a job could meet the repetitiveness criteria: 
(1) less than 30-second cycle time (which was true 
for both jobs), or (2) a subcycle (series of motions 
which repeat themselves within a cycle) lasting 
more than 50% of the cycle time (which was true 
for neither job). In a revised checklist, these two 
criteria have been combined into one question. 
However, the definition of subcycle still needs to 
be more clearly explained in the training. 
BJC performance and training 
Thirty-four individuals attending the 5th Inter- 
mediate Ergonomics Course completed a Basic 
Job Checklist on a videotaped 'door hang' job 
prior to receiving any training. The job was simi- 
lar in types of risk factors to the 'load housing' 
job, and like that job, was not from one of the 4 
Pilot Project plants. Results from this group (mean 
percent correct by checklist) were compared to 
results of those who completed the 'load housing' 
BJC on follow-up, 3-13 months after their train- 
ing. 
A two-way analysis of variance, fixed effects 
model, with two-way interaction used as error 
term was used for tests of significant difference in 
mean percent correct answers (dependent varia- 
ble) by checklist. The 'load housing' job was used 
for 6 groups with training, and the 'door hang' job 
was used for the group with no training. The 
independent variables were the Checklists: En- 
vironment, Posture, Metabolic, MMH, Upper ex- 
tremity. The Groups were: Ergonomic Monitor 
(EM), Ergonomic Coordinator (EC), Department 
Ergonomics Committee excluding EMs (DEC), 
Plant Ergonomics Committee excluding ECs 
(PEC), Trainers excluding ECs, No formal EPP 
role (other), No formal training (None). 
Overall, there was a significant difference be- 
tween groups at p < 0.000, table 4. Those with 
training had a significantly higher mean percent 
correct than the group with no training at p < 
0.001. EC's and TRAINER's had a significantly 
higher mean percent correct than did the EM's 
and DEC's at p = 0.05. 
The group with no training consistently had 
lower percents of correct answers for all checklists 
with the exception of PEC on the Posture check- 
list. There was a significant difference between 
checklists at p < 0.000, table 5. 
Discussion 
The results indicate that Introductory Ergo- 
nomics was well received by trainees and that, in 
general, ergonomic knowledge increased as a re- 
sult of the training. Retention of ergonomic 
knowledge is strong in most areas, particularly 
with use of the knowledge. Additionally, Train- 
the-Trainer is an effective and viable approach to 
transferring introductory level ergonomic knowl- 
edge to the plants with in-plant trainers. 
Development and implementation of the train- 
ing programs, and their evaluation, took place 
during very difficult times for the Pilot Plants, and 
when much of the the in-plant organizational ap- 
paratus for being able to take advantage of the 
training was still being developed. At the same 
time, institutional relationships between those 
from the plants, the Pilot Project administration 
and the University researchers were also being 
developed. Thus, the results may indicate the least 
one could expect from these training programs. 
The results must be viewed in the context of (1) 
the external environment, (2) limitations in par- 
ticipation and sample sizes for evaluation pur- 
poses, and (3) limitations of the evaluation meth- 
ods themselves. 
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Fig. 3. Ergonomic knowledge by traiaing type and subject: (a) Pre- and Post-training quiz slide scores for back, shoulder and wrist 
stressors; (b) UM-trained pr¢- and post-training quiz topic scores (note: UE CTDs - upper extremity cumulative trauma disorders); 
(c) "ITT-trained pre- and post-training quiz topic scores (note: UE CTDs - upper extremity cumulative trauma disorders). 
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Fig. 3 (continued). 
Ergonomics, the environment and change 
Clearly, ergonomics training does not occur in 
isolation from the plant environment, perceived 
support for using the training, previous history of 
implementing other programs which also required 
some training (Joseph, 1986). Recognizing this 
process, the University staff training team in- 
cluded 'managing change' in both the Inter- 
mediate and Introductory Ergonomics (Module 5) 
courses. In the 'process' daily evaluations by 
trainees, there were high scores on interest, learn- 
ing and satisfaction with this component. Yet, in 
Table 3 
View of ergonomic training by 
follow-up 6-7 /88  
ergonomics pilot project role, at 
Role (n) Training adequate 
Yes No Not sure 
Ergonomic monitor 25 36.4% 13.6% 50.0% 
Ergonomic coordinator 9 55.6% 11.1% 33.3% 
Dept. ergonomics comm. 33 70.0% 6.7% 23.3% 
Plant ergonomics comm. 12 75.0% 8.3% 16.7% 
Trainers 6 80.0% 0.0% 20.0% 
No formal role 59 50.0% 5,5% 43.6% 
both TTT and Ergonomic Monitor Refresher ses- 
sions, this was identified as the area of greatest 
discomfort and need. 
Module 5 was unique. Unlike the rest of the 
Introductory Ergonomics course, there was noth- 
ing about 'ergonomics'. The contents of the mod- 
ule fell into two conceptual categories, strategies 
for change and problem-solving. The presentation 
of this module relied on some awareness of 
organizational development, group dynamics, per- 
sonality types and political sensitivity. We in- 
cluded this material because the social and politi- 
cal aspects of implementation are often the critical 
determinants of success for any innovative project. 
Module 5 teaches the use of multi-faceted cooper- 
ative methods compatible with the philosophy of 
progressive joint programs, of which the Ergo- 
nomic Pilot Project is one example. 
Although the module was designed to address 
strategies for problem-solving and implementing 
change, it did so outside the context of the plant 
environments in which the trainers and trainees 
had to operate. While trainers agreed that this 
module was important, and after teaching at least 
one session, believed it should be expanded, they 














many  trainees toward the possibility of  solving 
problems. Ergonomic  moni tors  felt ill-equipped to 
go through the problem-solving process in at- 
tempting to implement  their ergonomic changes. 
The frustrations associated with implementat ion 
have been expressed at all levels of  the Pilot 




m Mild somet imes ~ Mild >1/3 cyc le  
DEC PEC 
Pilot Project Role 
i (a) 
Trainer No Formal Role 
I I S e v e r e  
(b) 
Percent Cor rec t  
EM 
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the TTT course. The most frequently expressed 
criticism was that the module was too abstract  and 
in need of  plant specific examples. 
Trainer discomfort  with presenting the Manag-  
ing Change module also seemed to be related to 
bureaucratic problems within the plants and per- 
haps most  challenging, the negative attitudes of  
DEC PEC Trainer No Formal Role 
Pilot Project Role 
m Extend sometimes 
! i Twist sometimes 
Neck Extension/Twist  
Extend ~1/3 cycle 
Twist ~1/3 cycle 
Fig. 4. Percent correct answers on Selected Problematic Basic Job Checklist Questions by EPP role at follow-up: (a) Trunk flexion on 
Job 1, n = 134; (b) Neck extension and twisting on Job 1, n = 134; (c) Repetitiveness on Job 1 and Job 2, n = 134. 
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P e r c e n t  C o r r e c t  
1 0 0 %  
8 0 %  -I 
6 0 %  i 4  
2 0 %  
O% 
1 Job 1 subcycle 
[ ] Job 2 subcycle 
EM EC DEC PEC Trainer No Formal Role 
Pilot Project  Role 
Repetitiveness 
Job 1 ¢30 sec cycle 
Job 2 ¢30 see cycle 
Fig. 4 (continued). 
(c) 
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strategies is a critical component of ergonomics 
training, but that as yet, the best way to do it has 
not been determined. The use of simulation train- 
ing in this context should be explored (Shepherd. 
1986). 
The focus of the ergonomics training was on 
Table 4 
Percent correct answers on BJCs by group: orthogonal contrasts 
Trainer EC EM DEC Other PEC None 
% Correct 91.7 89.7 86.7 86.7 85.7 83.0 74.0 
Contrast F-stat 
Trainer + EC + EM + DEC + Other vs. None 46.27 c 
Trainer + EC + PEC versus EM + DEC < 1.0 
Trainer + EC versus EM + DEC 4.26 a 
a P < 0.05, bp < 0.01, Cp < 0.001. 
Table 5 
Percent correct answers for each group and checklist 
Group Checklist 
Environment Posture Metabolic Materials Upper 
handling extremity 
EM 85.4 87.6 96.8 81.5 82.2 
EC 92.9 92.3 95.8 78.9 88.6 
DEC 86.0 89.3 96.9 78.1 83.2 
PEC 82.7 83.1 98.8 70.8 79.4 
Trainer 93.9 91.0 97.9 90.5 85.2 
Other 86.0 88.7 98.6 73.6 81.8 
None 66.2 86.3 84.6 61.3 71.8 
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identification and control of physical stresses in 
the workplace to reduce musculoskeletal prob- 
lems. Work organization issues were touched on 
only in terms of reducing the repetitiveness of the 
job. Due to time limitations and other priorities, 
little attention was directed toward work organiza- 
tion and reduction of mental stressors as potential 
contributors to musculoskeletal disorders, and en- 
hancement of working life. This is a particularly 
important area for future ergonomics training as 
workload shifts from physical demands on large 
muscle groups to increased load on small muscle 
groups and cognitive loading. 
Participation in ergonomics training 
The integration of supervisors into the shop 
floor ergonomic surveillance process (DEC) 
through training had not been well thought out 
when the UM Introductory training began. Super- 
visors were not required to participate in the last 
two days of the course where BJCs and Symptoms 
Questionnaires were completed in the department. 
Had the supervisors been required to analyze jobs 
in their own department (rather than just having 
the EMs do it), they might have become more 
familiar with the risk factors on jobs in their area, 
recognize the importance of the EMs in monitor- 
ing jobs, and facilitate the implementation of 
ergonomics changes (Smith, 1984; Mager, 1984). 
This problem was recognized by the Ergonomic 
Coordinators and Trainers almost immediately. 
They began to include the supervisors in the entire 
course. 
While all questions were related to occupa- 
tional ergonomics per se, they were not targeted to 
insuring that main points were covered within 
each module in Introductory Ergonomics. An ex- 
ample might be asking questions about cycles and 
subcycles to insure that the concept of evaluating 
repetitiveness was understood. Competency exams 
after each module and then at the end of the 
training period would have provided earlier feed- 
back about lack of knowledge transfer (Smith and 
Merchant, 1990). There were no questions on 
problem-solving or implementing change strate- 
gies. This makes it difficult to determine where the 
problems in the transfer of information were tak- 
ing place. 
With respect to evaluation of performance, the 
original intent was to compare BJCs completed by 
Introductory Ergonomics participants to those 
completed by 'experts'. However, changes in the 
work, and other logistic problems, precluded a 
systematic comparison. The use of videotaped jobs 
for this purpose at least standardizes what is ob- 
servable. However, videotapes are two-dimen- 
sional and this limits one's ability to view the job 
from all angles and over time. An alternative 
might be to simulate a job for trainees to evaluate. 
If the same job simulation is used across courses, 
evaluation across classes could be done. 
Retention of ergonomic information in evaluat- 
ing jobs for risk factors was quite high. As ex- 
pected, those who used the job checklists demon- 
strated better performance than those who had 
not. 
Evaluation tools 
Evaluation of ergonomic knowledge was based 
on pre-post training quizzes which included slides 
of jobs, true-false and multiple choice questions. 
The quiz is probably most useful in evaluating 
general ergonomic knowledge. The quiz was based 
on an instrument developed in the course of re- 
search on ergonomics programs in another organi- 
zation (Joseph, 1986). Some questions changed 
between the UM-taught versus the TTT-taught 
Introductory Ergonomics. This reduced the num- 
ber of items that could actually be compared 
between different types of training and different 
time periods. 
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